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(54) Optical communication module and manufacturing method thereof 



(57) An optical communication module for commu- 
nicating a light signal including a groove portion (16) 
whose section is V-shaped and provided on the surface 
of an optical waveguide substrate (10), on one of two 
surfaces of which groove portion (16) a mirror (20) is 
fomfied by the coating with a metal film and in the vicinity 



of the other surface of which groove portion (16), a tip 
(14) of an optical waveguide (11) on the optical 
waveguide substrate (10) is provided, whereby a signal 
light guided by the optical waveguide (11) is reflected by 
the mirror (20) of the metal film so as to be incident on 
a light-receiving element (30) disposed on the surface 
of the optical waveguide substrate (10). 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to an optical 
communication module in optical communication and, 
more particularly, to an optical communication module 
having a mirror which reflects a signal light and folds the 
same and a manufacturing method thereof. 

DESCRIPTION OF THE RELATED ART 

[0002] One of conventional optical communication 
modules having a mirrorfor reflecting a propagated light 
which is provided midway through an optical waveguide 
to couple the propagated light with a light-receiving el- 
ement is, for example, the optical communication mod- 
ule disclosed in Japanese Patent Laying-Open (Kokai) 
No. Heisei 10-224310 which is illustrated in Fig. 10. 
[0003] The conventional technique disclosed in Jap- 
anese Patent Laying-Open (Kokai) No. Heisei 
10-224310 is intended to realize an optical communica- 
tion module for conducting bidirectional communication 
using signal lights of the same wavelength by a smail- 
sized and simple structure. In the structure, a Y-branch 
type optical waveguide is formed on an optical 
waveguide substrate, a mirror is provided midway 
through a branch side waveguide for reflecting a prop- 
agated light to the side of the surface of the optical 
waveguide substrate, a light-receiving element is pro- 
vided facing the crossover portion between the one 
branch side waveguide and the mirror, and a light-emit- 
ting element is provided facing the crossover portion be- 
tween the other branch side waveguide and the mirror. 
[0004] Because an Y-branch type optical waveguide 
which can be formed minutely and to high precision is 
used on the optical waveguide substrate and the light- 
receiving element and the light-emitting element are en- 
abled to be surface-packaged on the optical waveguide 
substrate, an optical communication module for con- 
ducting bidirectional communication using signal lights 
of the same wavelength can be realized with a small- 
sized and simple structure. 

[0005] Another example is the conventional optical 
communication module for conducting bidirectional 
communication using two signal lights of different wave- 
lengths, which is disclosed in Japanese Patent Laying- 
Open (Kokai) No. Heisei 11-068705 and illustrated in 
Fig. 11. 

[0006] The conventional art disclosed in Japanese 
Patent Laying-Open No. Heisei 11-068705 is intended 
to reduce crosstalk light which is leakage of an LD (laser 
diode) light as a transmitted light in a PD (photodiode) 
light as a received light down to a level causing no prob- 
lem in practical use. In the module, an optical branch 
waveguide is formed on a plane substrate, a groove is 



provided at a branch portion of the optical branch 
waveguide, a dielectric multilayer filter for branching an 
input light into its penetration direction and a reflection 
direction according to its wavelength is inserted into the 

5 groove, and a transmission LD and a reception PD to 
be optically coupled with the optical branch waveguide 
are provided on the plane substrate. 
[0007] With a penetration wavelength of the dielectric 
multilayer filter set to be as a reception wavelength of 

10 the reception PD and a blocking wavelength of the die- 
lectric multilayer filter set to be as a transmission wave- 
length of the transmission LD and the transmission LD 
and the reception PD arranged at positions opposed to 
each other with the dielectric multilayer filter provided 

15 therebetween, bidirectional WDM (wavelength division 
multiplexing) optical communication is conducted. 
[0008] A further example of conventional optical com- 
munication modules is disclosed in Japanese Patent 
Laying-Open (Kokai) No. Heisei 11-237529, which is il- 

20 lustrated in Fig. 12. 

[0009] The optical communication module according 
to the conventional technique disclosed in Japanese 
Patent Laying-Open No. Heisei 11-237529 has a struc- 
ture in which with a buffer and a clad formed on the up- 

25 per surface of an Si substrate to have slant surfaces, a 
signal light is folded upward and received by a PD by 
making the use of reflection caused by a difference in 
refractive indexes between air on the slant surfaces and 
the clad. 

30 [0010] The above-described conventional optical 
communication modules, however, have the following 
problems. 

[001 1] First, with conventional optical communication 
modules having a groove of a small width, because of 
35 a structure in which a mirror and a filter are inserted into 
the narrow groove, much labor is cost for their manufac- 
turing and moreover, automation of a manufacturing 
process is difficult, which make manufacturing costs ex- 
tremely high. 

40 [0012] Because the conventional art disclosed in Jap- 
anese Patent Laying-Open No. Heisei 10-224310, for 
example, has a structure in which a mirror is inserted 
into a groove formed slantwise and the conventional art 
disclosed in Japanese Patent Laying-Open No. Heisei 

45 11-068705 has a structure in which a dielectric multilay- 
er filter is inserted into a groove provided at a branch 
portion of an optical branch waveguide, both require ex- 
tremely laborious work for inserting the filter or the like 
into a narrow groove. 

50 [0013] Secondly, the conventional optical communi- 
cation modules in which a signal light penetrating a filter 
at a groove portion is received by a PD need a groove 
to be formed to have an extremely small width in order 
to suppress loss of a received signal light at the groove 

55 portion. For this purpose, as a dielectric multilayer filter 
to be inserted, a filter whose material is thin and soft 
such as polyimide should be used, which makes han- 
dling of the filter at its insertion be worse than that of a 
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filter of a hard material to make automation of a filter 
insertion process difficult. 

[0014] Thirdly, in the conventional optical communi- 
cation modules which output a signal light reflected on 
a filter at a groove portion from an optical waveguide to 
an external optical fiber, because a slant of the filter rel- 
ative to an end surface of the waveguide largely affects 
coupling characteristics between a reflected light on the 
filter and the optical waveguide, the filter should be in- 
serted very carefully so as not to slant relative to the end 
surface of the waveguide, whereby reduction in assenrv 
biy costs is difficult. 

[0015] Fourthly, the conventional optical communica- 
tion modules in which a signal light is reflected from in- 
side a substrate and received by a PD disposed on the 
surface of the substrate, which make the use of reflec- 
tion caused by a difference in refractive indexes be- 
tween air and a clad for thie reflection of the signal light, 
need air within a groove portion having a reflection sur- 
face. In a case, for example, where an optical commu- 
nication module is covered with a transparent resin or 
the like, because a refractive index of a transparent resin 
is closer to that of a clad than to that of air, reflection on 
a slant surface might not be obtained. Therefore, use of 
simplified sealing by transparent resins and use of pack- 
aging realized by protecting an optical system with 
transparent resins and by molding the entire system are 
impossible, resulting in limiting packaging methods. 

SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to solve 
the above-described shortcomings of conventional 
techniques and to provide an optical communication 
module which can be produced with a simple process 
and low costs and a manufacturing method thereof. 
[0017] Another object of the present invention is to 
solve the above-described shortcomings of convention- 
al techniques and to provide an optical communication 
module which needs no provision of a narrow groove 
and allows selection of a packaging method using trans- 
parent resins because a signal light can be fu lly reflected 
even when a groove is covered with transparent resins 
and a manufacturing method thereof. 
[0018] According to the first aspect of the invention, 
an optical communication module for communicating a 
light signal, comprises 

a groove portion whose section is V-shaped and 
which is formed on the surface of an optical 
waveguide substrate, wherein 
on one of two surfaces of the groove portion, a mir- 
ror is formed to reflect a light incident from the side 
of the other surface and make the light be incident 
on a light-receiving element disposed on the sur- 
face of the optical waveguide substrate. 

[0019] In the preferred construction, the mirror is 



formed by coating the one surface of the groove portion 
with a metal film. 

[0020] In another preferred construction, a light-emit- 
ting element for emitting a transmitted signal light to an 

5 optical waveguide is disposed in the vicinity of the sur- 
face of the groove portion at the side from which a light 
is incident onto the mirror such that a rear output light 
of the light-emitting element is reflected by the mirror so 
as to be incident on a monitoring tight-receiving element 

10 for monitoring the output of the light-emitting element. 
[0021] In another preferred construction, the mirror is 
formed by coating the one surface of the groove portion 
with a metal film, and 

a light-emitting element for emitting a transmitted 

15 signal light to an optical waveguide is disposed in the 
vicinity of the surface of the groove portion at the side 
from which a light is incident onto the mirror such that a 
rear output light of the light-emitting element is reflected 
by the mirror so as to be incident on a monitoring light- 

20 receiving element for monitoring the output of the light- 
emitting element. 

[0022] In another preferred construction, the optical 
communication module further comprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
25 vided in the vicinity of the surface of the groove portion 
at the side from which a light is incident onto the mirror, 
wherein 

the mirror reflects a signal light guided by the op- 
tical waveguide so as to be incident onto the light-re- 

30 ceiving element. 

[0023] In another preferred construction, the optical 
communication module further comprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
vided in the vicinity of the surface of the groove portion 

35 at the side from which a light is incident onto the mirror, 
wherein 

the mirror is formed by coating the one surface of 
the groove portion with a metal film to reflect a signal 
light guided by the optical waveguide so as to be incident 

40 onto the light- receiving element. 

[0024] In another preferred construction, the optical 
communication module further comprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
vided in the vicinity of the surface of the groove portion 

45 at the side from which a light is incident onto the mirror, 
wherein 

the mirror reflects a signal light guided by the optical 
waveguide so as to be incident onto the light-receiv- 

50 ing element, 

on the surface of the groove portion at the side from 
which a light is incident onto the mirror, 
a filter which allows a signal light having a wave- 
length of a received signal light incident from the 

55 optical waveguide to penetrate and fails to allow a 
noise light having a wavelength different from the 
wavelength of the received signal light to penetrate 
is disposed slantwise with respect to the optical 
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waveguide. 

[0025] In another preferred construction, the optical 
connnnunication module further connprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
vided in the vicinity of the surface of the groove portion 
at the side from which a light is incident onto the mirror, 
wherein 

the mirror is formed by coating the one surface of 
the groove portion with a metal film to reflect a signal 
light guided by the optical waveguide so as to be 
incident onto the light-receiving element, and 
on the surface of the groove portion at the side from 
which a light is incident onto the mirror, 
a filter which allows a signal light having a wave- 
length of a received signal light incident from the 
optical waveguide to penetrate and fails to allow a 
noise light having a. wavelength different from the 
wavelength of the received signal light to penetrate 
is disposed slantwise with respect to the optical 
waveguide. 

[0026] In another preferred construction, the optical 
communication module further comprises, in the vicinity 
of the surface of the groove portion at the side from 
which a light is incident onto the mirror, a tip of a first 
optical waveguide for guiding a transmitted signal light 
and a tip of a second optical waveguide for guiding a 
received signal light and guiding the transmitted signal 
light reflected at the groove portion, whereby 

the received signal light guided by the second op- 
tical waveguide is reflected to be incident onto the light- 
receiving element. 

[0027] In another preferred construction, the mirror is 
formed by coating the one surface of the groove portion 
with a metal film, and which further comprises 



[0028] In another preferred construction, the optical 
communication module further comprises, In the vicinity 
of the surface of the groove portion at the side from 
which a light is incident onto the min-or, a tip of a first 
optical waveguide for guiding a transmitted signal light 
and a tip of a second optical waveguide for guiding a 
received signal light and guiding the transmitted signal 
light reflected at the groove portion, whereby 



the received signal light guided by the second opti- 
cal waveguide is reflected to be incident onto the 
light-receiving element, wherein 
on the surface of the groove portion at the side from 
5 which a light is incident onto the mirror, 

a filter which allows a signal light having a wave- 
length of the received signal light to penetrate and 
reflects a signal light having a wavelength of the 
transmitted signal light is disposed. 

[0029] In another preferred construction, the mirror is 
formed by coating the one surface of the groove portion 
with a metal film, and which further comprises 

in the vicinity of the surface of the groove portion at 
the side from which a light is incident onto the mirror, 
a tip of a first optical waveguide for guiding a trans- 
mitted signal light and a tip of a second optical 
waveguide for guiding a received signal light and 
guiding the transmitted signal light reflected at the 
groove portion, whereby 

the received signal light guided by the second opti- 
cal waveguide is reflected to be incident onto the 
light-receiving element, wherein 
on the surface of the groove portion at the side from 
which a light is incident onto the mirror, 
a fifter which allows a signal light having a wave- 
length of the received signal light to penetrate and 
reflects a signal light having a wavelength of the 
transmitted signal light is disposed. 

[0030] In another preferred construction, the optical 
communication module further comprises, in the vicinity 
of the surface of the groove portion at the side from 
which a light Is incident onto the mirror, a tip of a first 
optical waveguide for guiding a transmitted signal light 
and a tip of a second optical waveguide for guiding a 
received signal light and guiding the transmitted signal 
light reflected at the groove portion, whereby 

the received signal light guided by the second opti- 
cal waveguide is reflected to be Incident onto the 
light-receiving element, and 
on the surface of the groove portion at the side from 
which a light is incident onto the mirror, 
a half mirror which reflects an incident signal light 
and at the same time allows the light to penetrate, 
wherein 

the light-receiving element is disposed at a position 
where a received signal light incident from the first 
optical waveguide, penetrating the half mirror and 
reflected by the mirror can be received and where 
a transmitted signal light incident from the second 
optical waveguide, penetrating the half mirror and 
reflected by the mirror can be avoided. 

[0031] In another preferred construction, the mirror is 
formed by coating the one surface of the groove portion 



20 



25 



30 



35 



in the vicinity of the surface of the groove portion at 
the side from which a light is Incident onto the mirror, 40 
a tip of a first optical waveguide for guiding a trans- 
mitted signal light and a tip of a second optical 
waveguide for guiding a received signal light and 
guiding the transmitted signal light reflected at the 
groove portion, whereby 45 
the received signal light guided by the second opti- 
cal waveguide is reflected to be Incident onto the 
light-receiving element. 

50 
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with a metal film, and which further comprises: 

in the vicinity of the surface of the groove portion at 
the side from which a light is incident onto the mirror, 
a tip of a first optical waveguide for guiding a trans- 5 
mitted signal light and a tip of a second optical 
waveguide for guiding a received signal light and 
guiding the transmitted signal light reflected at the 
groove portion, whereby 

the received signal light guided by the second opti- io 

cal waveguide is reflected to be incident onto the 

light-receiving element, and 

on the surface of the groove portion at the side from 

which a light is incident onto the mirror, 

a half mirror which reflects an incident signal light 15 

and at the same time allows the light to penetrate. 

wherein 

the light-receiving element is disposed at a position 
where a received signal light incident from the first 
optical waveguide, penetrating the half mirror and 20 
reflected by the mirror can be received and where 
a transmitted signal light incident from the second 
optical v^aveguide, penetrating the half mirror and 
reflected by the mirror can be avoided. 

25 

[0032] In another preferred construction, the optical 
communication module further comprises, in the vicinity 
of the surface of the groove portion at the side from 
which a light is incident onto the mirror, a tip of a first 
optical waveguide for guiding a transmitted signal light 30 
and a tip of a second optical waveguide for guiding a 
received signal light and guiding the transmitted signal 
light reflected at the groove portion, whereby 

the received signal light guided by the second opti- 35 
cal waveguide is reflected to be incident onto the 
light-receiving element, and 
two portions of the groove portion on the optical 
waveguide substrate, a first groove portion and a 
second groove portion, wherein 
the first groove portion reflects a rear output light of 
a light-emitting element for emitting the transmitted 
signal light by the internally provided mirror to make 
the light be incident onto a monitoring light-receiv- 
ing element for monitoring an output of the light- 45 
emitting element, and 

the second groove portion reflects the received sig- 
nal light by the internally provided mirror to make 
the light be incident onto the light- receiving element 
for receiving the received signal light. 

[0033] In another preferred construction, the mirror is 
formed by coating the one surface of the groove portion 
with a metal film, and which further comprises 



55 



in the vicinity of the surface of the groove portion at 
the side from which a light is incident onto the mirror, 
a tip of a first optical waveguide for guiding a trans- 



mitted signal light and a tip of a second optical 
waveguide for guiding a received signal light and 
guiding the transmitted signal light reflected at the 
groove portion, whereby 

the received signal light guided by the second opti- 
cal waveguide is reflected to be incident onto the 
light-receiving element, and 

two portions of the groove portion on the optical 
waveguide substrate, a first groove portion and a 
second groove portion, wherein 
the first groove portion reflects a rear output light of 
a light-emitting element for emitting the transmitted 
signal light by the Internally provided mirror to make 
the light be incident onto a monitoring light-receiv- 
ing element for monitoring an output of the light- 
emitting element, and 

the second groove portion reflects the received sig- 
nal light by the Internally provided mirror to make 
the light be incident onto the light-receiving element 
for receiving the received signal light. 

[0034] In another preferred construction, the optical 
communication module further comprises a V-shaped 
groove In which an optical fiber is to be disposed. 
[0035] According to the second aspect of the Inven- 
tion, an optical communication device having an optical 
communication module for communicating a light sig- 
nal, 

the optical communication module including 
a groove portion whose section is V-shaped and 
which is formed on the surface of an optical 
waveguide substrate, wherein 
on one of two surfaces of the groove portion, a mir- 
ror is formed to reflect a light incident from the side 
of the other surface and make the light be incident 
on a light-receiving element disposed on the sur- 
face of the optical waveguide substrate. 

[0036] In the preferred construction, the mirror is 
formed by coating the one surface of the groove portion 
with a metal film. 

[0037] In another preferred construction, the optical 
communication device further comprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
vided in the vicinity of the surface of the groove portion 
at the side from which a light is incident onto the mirror, 
wherein 

the mirror reflects a signal light guided by the op- 
tical waveguide so as to be incident onto the light-re- 
ceiving element. 

[0038] In another preferred construction, the optical 
communication device further comprises a tip of an op- 
tical waveguide on the optical waveguide substrate pro- 
vided in the vicinity of the surface of the groove portion 
at the side from which a light is incident onto the mirror, 
wherein 

the mirror is formed by coating the one surface of 
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the groove portion with a metal film to reflect a signal 
light guided by the optical waveguide so as to be incident 
onto the light-receiving element. 
[0039] According to another aspect of the invention, 
a method of manufacturing an optical communication 5 
module for communicating a light signal, comprising the 
steps of 

forming an optical waveguide for guiding a light sig- 
nal on an optical waveguide substrate, io 
forming a groove portion whose section is V shaped 
on the surface of the optical waveguide substrate, 
and 

forming a mirror on onjB of two surfaces that the 
groove portion has. is 

[0040] In the preferred construction, at the mirror 
forming step, 

the one surface of the groove portion is formed by 
coating the surface with a metal film. 20 
[0041] In another preferred construction, at the 
groove portion forming step, 

first, one of the two surfaces of the groove portion 
is formed on the surface of the optical waveguide sub- 
strate using a blade for cutting and the remaining sur- 25 
face is subsequently formed to make the groove portion, 
[0042] In another preferred construction, at the mirror 
forming step, 

the one surface of the groove portion is formed by 30 
coating the surface with a metal film, and 
at the groove portion forming step, 
first, one of the two surfaces of the groove portion 
is formed on the surface of the optical waveguide 
substrate using a blade for cutting and the remain- 35 
ing surface is subsequently formed to make the 
groove portion. 

[0043] In another preferred construction, at the 
groove portion forming step, 40 

first, one of the two surfaces of the groove portion 
is formed on the surface of the optical waveguide 
substrate using a blade for cutting and the remain- 
ing surface is subsequently formed to make the 45 
groove portion, and 

further at the groove portion forming step, 
a first surface is formed by vertically inserting the 
blade into the surface of the optical waveguide sub- 
strate and a slant surface forming the mirror, which 50 
is the remaining surface, is subsequently formed by 
inserting the blade slantwise into the surface of the 
optical waveguide substrate. 

[0044] In another preferred construction, at the mirror 55 
forming step, 

the one surface of the groove portion is formed by 



coating the surface with a metal film, 
at the groove portion forming step, 
first, one of the two surfaces of the groove portion 
is formed on the surface of the optical waveguide 
substrate using a blade for cutting and the remain- 
ing surface is subsequently formed to make the 
groove portion, and 

further at the groove portion forming step, 
a first surface is formed by vertically inserting the 
blade into the surface of the optical waveguide sub- 
strate and a slant surface for forming the mirror, 
which is the remaining surface, is subsequently 
formed by inserting the blade slantwise into the sur- 
face of the optical waveguide substrate. 

[0045] In another preferred construction, at the 
groove portion forming step. 

the two surfaces of the groove portion are simul- 
taneously formed by cutting the surfaces out of the op- 
tical waveguide substrate using a blade for cutting which 
is formed to match the configuration of the groove por- 
tion. 

[0046] In another prefen-ed construction, at the mirror 
forming step. 

the one surface of the groove portion is formed by 
coating the surface with a metal film, and 
at the groove portion forming step, 
the two surfaces of the groove portion are sirinulta- 
neously formed by cutting the surfaces out of the 
optical waveguide substrate using a blade for cut- 
ting which is formed to match the configuration of 
the groove portion. 

[0047] In another preferred construction, at the 
groove portion forming step, 

first, one of the two surfaces of the groove portion 
Is formed on the surface of the optical waveguide 
substrate using a blade for cutting and the remain- 
ing surface is subsequently formed to make the 
groove portion, and 

further at the groove portion forming step, 
by using the blade with respect to the optical 
waveguide substrate being yet to be cut out from a 
wafer, the groove portions are formed in the lump 
In a plurality of the optical waveguide substrates 
aligned on the wafer. 

[0048] In another preferred construction, at the mirror 
forming step. 

the one surface of the groove portion Is formed by 

coating the surface with a metal film. 

at the groove portion forming step. 

first, one of the two surfaces of the groove portion 

is formed on the surface of the optical waveguide 

substrate using a blade for cutting and the remain- 
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ing surface is subsequently formed to make the 
groove portion, and 

further at the groove portion forming step, 
by using the blade with respect to the optical 
waveguide substrate yet to be cut out from a wafer. 5 
the groove portions are formed in the lump in a plu- 
rality of the optical waveguide substrates aligned on 
the wafer. 

[0049] In another preferred construction, the optical 
communication module manufacturing method further 
includes the step of forming two the groove portions in 
one the optical waveguide substrate, a first groove por- 
tion for monitoring an output of a transmitted signal light 
and a second groove portion for receiving a received 
signal light. 

[0050] In another preferred construction, at the mirror 
forming step, 

the one surface of the groove portion is formed by 20 
coating the surface with a metal film, and which fur- 
ther comprises 

the step of forming two the groove portions in one 
the optical waveguide substrate, a first groove por- 
tion for monitoring an.output of a transmitted signal 25 
light and a second groove portion for receiving a re- 
ceived signal light. 

[0051] Other objects, features and advantages of the 
present invention will become clear from the detailed de- 30 
scription given herebelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] The present invention will be understood more 35 
fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred em- 
bodiment of the invention, which, however, should not 
be taken to be limitative to the invention, but are for ex- 
planation and understanding only. ''^ 
[0053] In the drawings: 

Fig. 1 A is a plan view showing a structure of an op- 
tical communication module according to a first em- 
bodiment of the present invention; 
Fig. IB is a sectional view showing the structure of 
the optical communication module according to the 
first embodiment of the present invention; 
Fig. 2A is a plan view showing a structure of an op- 
tical communication module according to a second so 
embodiment of the present invention; 
Fig. 28 is a sectional view showing the structure of 
the optical communication module according to the 
second embodiment of the present invention; 
Fig. 3A is a view for use In explaining a process of 55 
an optical communication module manufacturing 
method according to the present invention; 
Fig. SB is a view for use in explaining a process of 



the optical communication module manufacturing 
method according to the present invention; 
Fig. 3C is a view for use in explaining a process of 
the optical communication module manufacturing 
method according to the present invention; 
Fig. 3D is a view for use In explaining a process of 
the optical communication module manufacturing 
method according to the present invention; 
Fig. 4 is a view for use In explaining one embodi- 
ment forforming a folded mirror at a state of a wafer 
in the optical communication module manufacturing 
method according to the present invention; 
Fig. 5A Is a view for use in explaining another em- 
bodiment of the optical communication module 
manufacturing method according to the present in- 
vention; 

Fig. 5B is a view for use in explaining another em- 
bodiment of the optical communication module 
manufacturing method according to the present in- 
vention; 

Fig. 5C is a view for use in explaining another em- 
bodiment of the optical communication module 
manufacturing method according to the present in- 
vention; 

Fig. 6A is a plan view showing a structure of an op- 
tical communication module according to a third 
embodiment of the present invention; 
Fig. 68 is a sectional view showing the structure of 
the optical communication module according to the 
third embodiment of the present invention; 
Fig. 7A is a plan view showing a structure of an op- 
tical communication module according to a fourth 
embodiment of the present invention; 
Fig. 78 is a sectional view showing the structure of 
the optical communication module according to the 
fourth embodiment of the present invention; 
Fig. 8A is a plan view showing a structure of an op- 
tical communication module according to a fifth em- 
bodiment of the present invention; 
Fig. 8B is a sectional view showing the structure of 
the optical communication module according to the 
fifth embodiment of the present invention; 
Fig. 9A is a plan view showing a structure of an op- 
tical communication module according to a sixth 
embodiment of the present invention; 
Fig. 98 is a sectional view showing the structure of 
the optical communication module according to the 
sixth embodiment of the present invention; 
Fig. 1 0 is a view showing one example of a structure 
of a conventional optical communication module; 
Fig. 11 Is a view showing one example of a structure 
of a conventional optical communication module; 
Fig. 1 2 is a view showing one example of a structure 
of a conventional optical communication module. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0054] The preferred embodiment of the present in- 
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vention will be discussed hereinafter in detail with refer- 
ence to the accompanying drawings. In thefolfowing de- 
scription, nunnerous specific details are set forth in order 
to provide a thorough understanding of the present in- 
vention. It will be obvious, however, to those skilled in 5 
the art that the present invention may be practiced with- 
out these specific details. In other instance, well-known 
structures are not shown in detail in order to unneces- 
sary obscure the present invention. 

[0055] Figs. 1A and 1B are views showing a structure io 
of an optical communication module according to a first 
embodiment of the present invention. The optical com- 
munication module according to the present embodi- 
ment conducts only the reception of a signal light. 
[0056] With reference to Figs. 1A and 1B. the optical 15 
communication module according to the first embodi- 
ment of the present invention includes an optical 
waveguide substrate 10 and a light-receiving element 
30. In addition, formed on the optical waveguide sub- 
strate 10 are an optical waveguide 11, a folded mirror 20 
20 and a waveguide end surface 14. The folded mirror 
20 and the waveguide end surface 14 form the respec- 
tive surfaces of a groove portion formed on the optical 
waveguide substrate 10 to have two surfaces. 
[0057] The folded mirror 20 reflects a signal light re- 25 
ceived from the optical waveguide 11 toward the surface 
of the optical waveguide substrate 10 so as to be inci- 
dent on a light-receiving surface 31 of the light-receiving 
element 30. The folded mirror 20 can be formed by cut- 
ting the substrate slantwise as shown in Figs. 1A and 30 
1B and then metallizing the surface with such a metal 
film as Au. In other words, a slant portion is coated with 
metal by vapor deposition, flame-coating or other meth- 
od to form the mirror 20. 

[0058] The light-receiving element 30 is mounted on 35 
the optical waveguide substrate 10 so as to couple with 
the signal light incident from the optical waveguide 11 
and reflected by the folded mirror 20. 
[0059] In the signal light receiving operation of the op- 
tical communication module according to the present 40 
embodiment, first, a received signal light input from the 
optical waveguide 11 is reflected by the folded mirror 20 
and sent to the surface side of the optical waveguide 
substrate 10, whereby the light is received by the light- 
receiving surface 31 of the light-receiving element 30. 45 
[0060] As described in the foregoing, the optical com- 
munication module according to the present embodi- 
ment allows the light-receiving element 30 to be surface- 
mounted on the optical waveguide substrate 10 by 
adopting a structure in which a light path is folded by the so 
folded mirror 20 toward the side of the surface of the 
optical waveguide substrate 10. 

[0061] Figs. 2A and 2B are views showing a structure 
of an optical communication module according to a sec- 
ond embodiment of the present invention. The optical 55 
communication module of the present embodiment con- 
ducts transmission and reception of signal lights of dif- 
ferent wavelengths. 



[0062] With reference to Figs. 2A and 28. the optical 
communication module according to the second em- 
bodiment of the present invention includes an optical 
waveguide substrate 10a, a light-receiving element 30, 
a light-emitting element 40 and a filter 50. The optical 
waveguide substrate 10a includes a first optical 
waveguide 12, a second optical waveguide 1 3. the fold- 
ed mirror 20 and the waveguide end surface 14. 
[0063] The folded mirror 20 reflects a signal light re- 
ceived from the second optical waveguide 1 3 toward the 
side of the surface of the optical waveguide substrate 
10a so as to be incident on the light-receiving surface 
31 of the light-receiving element 30. The folded mirror 
20 can be formed by cutting the substrate slantwise as 
shown in Figs. 2A and 2B and then metallizing the sur- 
face with such a metal film as Au. 
[0064] The light-emitting element 40, which emits a 
signal light, is mounted on the optical waveguide sub- 
strate 10a so as to couple with the first optical 
waveguide 12. 

[0065] To the waveguide end surface 14, the filter 50 
is adhered to reflect a signal light from the first optical 
waveguide 12 which is emitted by the light-emitting el- 
ement 40 so as to be coupled with the second optical 
waveguide 13. 

[0066] As the filter 50, a dielectric multilayer which re- 
flects a signal light and allows the light to penetrate ac- 
cording to its wavelength is deposited by evaporation. 
Then, the filter reflects a transmitted signal light having 
a wavelength of X1 which is emitted by the light-emitting 
element 40 and allows a received signal light having a 
wavelength of 12 received from the second optical 
waveguide 13 to penetrate. 

[0067] Therefore, the transmitted signal light having 
the wavelength of X,1 which is sent from the first optical 
waveguide 12 is reflected by the filter 50, coupled with 
the second optical waveguide 13 and externally trans- 
mitted. On the other hand, the received signal light hav- 
ing the waveguide of 12 which is received from the sec- 
ond optical waveguide 13 penetrates the filter 50 and 
sent to the light-receiving element 30. 
[0068] The light- receiving element 30 is mounted on 
the optical waveguide substrate 10a such that the re- 
ceived signal light having the wavelength of X2 which is 
incident from the second optical waveguide 13 and pen- 
etrates the filter 50 is reflected by the folded mirror 20 
and then coupled with the light-receiving element. 
[0069] Next, description will be made of operation of 
transmitting and receiving a signal light at the optical 
communication module according to the present em- 
bodiment. 

[0070] In signal light receiving operation, first, the re- 
ceived signal light incident from the second optical 
waveguide 13 which has the wavelength of X2 pene- 
trates by the filter 50, is reflected by the folded mirror 20 
and sent to the side of the surface of the optical 
waveguide substrate 10a, so that the light-receiving sur- 
face 31 of the light-receiving element 30 receives the 
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light. 

[0071] In signal light transmitting operation, first, the 
transmitted signal iight emitted from the light-emitting el- 
ement 40 and having the wavelength of XI is guided 
through the first optical waveguide 12, reflected by the 
filter 50, coupled with the second optical waveguide 13 
and led to a transmission path. 

[0072] By thus adopting a structure of making a re- 
ceived signal light penetrate the filter 50, be reflected by 
the mirror 20 and be received by the light-receiving el- 
ement 30 and furthermore making a transmitted signal 
light from the light-emitting element 40 be reflected by 
the filter 50 and guided to an extemal transmission path, 
the optical communication module of the present em- 
bodiment realizes, in addition to the effect attained by 
the first embodiment, signal light transmission and re- 
ception of transmitting a light having the wavelength of 
X^ and receiving a light having the wavelength of )i2. 
[0073] Next, description will be made of a method of 
manufacturing the optical communication modules of 
the present Invention shown in the above-described first 
and second embodiments. Since the present invention 
is in particular characterized in having the mirror 20 
which folds a signal light, the description will be made 
of a method of manufacturing the folded mirror 20. 
[0074] Figs, 3A to 3D are views for use in explaining 
one embodiment of the optical communication module 
manufacturing method according to the present inven- 
tion, which show a process of forming the folded mirror 
20.' 

[0075] With reference to Figs. 3A to 3D, first, fomn the 
optical waveguide 11 on the optical waveguide sub- 
strate 10 (Fig. 3A). The numberof the waveguides is not 
limited to one and this process is the same also in a case 
where two , the first optical waveguide 1 2 and the second 
optical waveguide 13 are provided as in the second em- 
bodiment. 

[0076] Then, vertically Insert a blade 70 for cutting into 
the optical waveguide substrate 10 to form the 
waveguide end surface 14 (Fig. 3B). 
[0077] Subsequently, insert the blade 70 slantwise in- 
to the optical waveguide substrate 1 0 to form a slant sur- 
face for a folded mirror (Fig. 3C). 
[0078] Lastly, metallize the slant surface with a metal 
film such as Au to complete the folded mirror 20 (Fig. 
3D). 

[0079] Since the respective optica! waveguide sub- 
strates 10 align within a wafer 90 as shown in Fig. 4 at 
the time of manufacturing the optical waveguide sub- 
strate 10, the folded mirrors 20 can be manufactured in 
the lump at the state of the wafer 90 by inserting the 
blade straightly Into the wafer 90. 
[0080] For the wafer 90 which Is a material of the op- 
tical waveguide substrate 10, various kinds of semicon- 
ductor materials can be used such as silicon, GaAs and 
InP. As a material of the optical waveguide substrate 10. 
a ceramic plate, a polymer plate, a metal plate or the 
like can be used other than these materials. In any case, 



the optical waveguide substrate 1 0 and the optical com- 
munication module can be riianufactured by the above- 
described manufacturing method. 
[0081] Next, another method of manufacturing the 

5 folded mirror 20 will be described. 

[0082] Figs. 5A to 5C are views for use in explaining 
another embodiment of the optical communication mod- 
ule manufacturing method according to the present in- 
vention. In the present embodiment, by using a blade 

10 71 having a width larger than that of the blade 70 in the 
above-described manufacturing method shown In Figs. 
3A to 3D, the substrate is cut off at once not at two times 
separately as in the previous embodiment. 
[0083] More specifically, first, form the optical 

15 waveguide 11 on the optical waveguide substrate 10 
(Fig. 5A). 

[0084] Then, insert the blade 71 for cutting into the 
optical waveguide substrate 10 to simultaneously form 
the waveguide end surface 14 and the slant surface of 

20 the folded mirror 20 (Fig. 5B). Here, in order to simulta- 
neously form the waveguide end surface 14 and the 
slant surface of the folded mirror 20, the blade 71 Is con- 
figured to match the angle of the slant surface. 
[0085] Lastly, metallize the slant surface of the folded 

25 mirror 20 with such a metal film as Au to complete the 
folded mirror 20 (Fig. 5C). 

[0086] In addition, also In the case of the present erh- 
bodiment similariy to the previous embodiment shown 
in Figs. 3A to 3D, since at the time of manufacturing of 

30 the optical waveguide substrate 10, the respective op- 
tical waveguide substrates 10 align within the wafer 90 
as shown in Fig. 4, the folded mirror can be manufac- 
tured in the lump at the state of the wafer by inserting 
the blade straightly into the wafer 90. 

35 [0087] In the optical communication module manufac- 
turing method according to each of the above-described 
embodiments, because the folded mirror 20 Is formed 
by metallizing the slant surface, sufficient reflection of a 
signal light can be obtained even when the groove por- 

40 tion is covered, for example, with a transparent resin. It 
is therefore possible to select various packaging meth- 
ods using transparent resins for an optical communica- 
tion module. 

[0088] Moreover, formation of the folded mirror 20 di- 
45 rectly on the optical waveguide substrate enables lump- 
sum formation of the mirrors 20 at the state of the wafer 
90 and furthermore eliminates the need of laborious 
work of inserting the mirror in conventional manufactur- 
ing methods. Thus, automation of an assembling proc- 
50 ess is facilitated to realize drastic reduction in assembly 
costs. 

[0089] In addition, the received signal light penetrat- 
ing the filter 50 Is received not through an optical 
waveguide as is done In conventional techniques but di- 
ss rectly by a light-receiving element after being reflected 
by the mirror 20, It is therefore possible to increase a 
width of the groove at the folded mirror portion more than 
that in conventional structures. 
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[0090] Furthermore, in each of the above-described 
embodiments, because a shape of the groove at the 
folded mirror 20 is triangle whose width becomes larger 
as the depth becomes smaller, the work for inserting the 
filter 50 which has been conventionally laborious is fa- 5 
cilitated. 

[00911 A furthermore advantage is that because the 
structure is adopted in which a filter is attached to a 
waveguide end surface, the filter can be mounted on the 
waveguide end surface fixedly. A still further advantage io 
is that because the thickness of the filter can be in- 
creased at will, a filter using a substrate of such a hard 
material as glass can be employed to improve workabil- 
ity of a filter attachment process and realize reduction 
in assembly costs and mass production through auto- 15 
mation of the filter attachment process. 
[0092] Next, a further embodiment of the present in- 
vention will be described in detail with reference to the 
drawings. 

[0093] Figs. 6A and 6B are views showing a structure 20 
of an optical communication module according to a third 
embodiment of the present invention. The optical conrv 
munication module of the present embodiment con- 
ducts only the reception of a signal light. 
[0094] The present embodiment is characterized not 25 
in that the light-receiving element 30 directly receives 
ail the received signal lights input through the optical 
waveguide 11 but in that reception of unnecessary noise 
light is prevented by the attachment of the filter 50 to the 
waveguide end surface 14. 30 
[0095] To the filter 50, a dielectric multilayer is depos- 
ited by evaporation which reflects a signal light or allows 
the same to penetrate according to its wavelength. As 
a result, the filter 50 allows a received signal light (wave- 
length of A2) to penetrate and reflects an input noise light 35 
having a wavelength (wavelength of ^1) different from 
that of the received signal light. 

[0096] The received signal light having the wave- 
length ofX2 input through the optical waveguide 11 pen- 
etrates the filter 50 and is reflected by the folded mirror 40 
20 toward the side of the surface of an optical waveguide 
substrate 10b and received by the light-receiving sur- 
face 31 of the light-receiving element 30. On the other 
hand, the input nose light having the wavelength of k^ 
input through the optical waveguide 11 will not be inci- 45 
dent on the light-receiving element 30 because it is re- 
flected by the filter 50. 

[0097] By forming the waveguide end surface 14 
slantwise relative to the waveguide 11 . the present em- 
bodiment prevents an input noise light reflected by the so 
filter 50 from returning to the optical waveguide 11. 
[0098] As described in the foregoing, according to the 
present embodiment, provision of the filter 50 at the 
waveguide end surface 14 enables reception of only a 
received signal light and cut-off of an input noise light. 55 
[0099] Figs. 7A and 78 are views showing a structure 
of an optical communication module according to a 
fourth embodiment of the present invention. The optical 



communication module of the present embodiment con- 
ducts only the emission of a signal light. 
[0100] In the present embodiment, by a monitoring 
light-receiving element 32 provided at the back of the 
light-emitting element 40, the intensity of a signal light 
emitted by the light-emitting element 40 is appropriately 
adjusted. The monitoring light-receiving element 32 is 
mounted on the surface of an optical waveguide sub- 
strate 10c to receive a rear output light of the light-emit- 
ting element 40 reflected by the folded mirror 20. 
[0101] The light-emitting element 40 is mounted on 
the optical waveguide substrate 1 0c so as to couple with 
the optical waveguide 11 . The rear output light from the 
light-emitting element 40 is reflected by the folded mirror 
20 toward the side of the surface of the optical 
waveguide substrate 10c, received by a light-receiving 
surface 33 of the monitoring light-receiving element 32 
and used for the control of the light output of the light- 
emitting element 40. 

[01 02] As described in the foregoing, according to the 
present embodiment, arrangement of the folded mirror 
20 and the monitoring light-receiving element 32 at the 
back of the light-emitting element 40 enables light output 
of the light-emitting element to be monitored and appro- 
priately controlled. 

[0103] Figs. 8A and 88 are views showing an optical 
communication module according to a fifth embodiment 
of the present invention. The optical communication 
module of the present embodiment transmits and re- 
ceives signal lights of the same wavelength (X.1). 
[0104] The present embodiment is characterized in 
that a half mirror 22 is attached to the waveguide end 
surface 14 in place of the filter 50 in the second embod- 
iment. 

[0105] To the half mirror 22, a dielectric multilayer Is 
deposited by evaporation which reflects both of half of 
a received signal light and half of a transmitted signal 
light having the same wavelength (X1) and allows the 
other half of the same to penetrate. 
[0106] The received signal light of the wavelength of 
k 1 input through the second optical waveguide 1 3 (half 
of the signal) penetrates the half mirror 22, reflected by 
the folded mirror 20 toward the side of the surface of an 
optical waveguide substrate lOd and received by the 
light-receiving surface 31 of the light-receiving element 
30. 

[0107] The transmitted signal light having the wave- 
length of X^ emitted from the light-emitting element 40 
is guided through the first optical waveguide 12. reflect- 
ed (half of the signal) by the half mirror 22 to couple with 
the second optical waveguide 13 and led to a transmis- 
sion path. 

[0108] The light-receiving element 30 is arranged on 
the extension of the second optical waveguide 1 3, which 
is a position for coupling with a received signal light in- 
cident from the second optical waveguide 13, and at a 
position off the extension of the first optical waveguide 
12. This arrangement prevents reception of the trans- 
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mined signal light penetrating the half mirror 22 by the 
light-receiving element 30. 

[0109] As described in the foregoing, attachment of 
the half mirror 22 to the waveguide end surface 14 en- 
ables transmission and reception of signal lights of the 
same wavelength in the present embodiment. 
[0110] Figs. 9A and 9B are views showing a structure 
of an optica! communication module according to a sixth 
embodiment of the present invention. The optical com- 
munication module of the present embodiment trans- 
mits and receives signal lights of different wavelengths. 
[0111] The present embodiment differs from the sec- 
ond embodiment in that at the back of the light-emitting 
element 40, the monitoring light-receiving element 32 is 
arranged to control the output of the light-emitting ele- 
ment 40 similarly to the fourth embodiment and in that 
a V-shaped groove 16 for fiber guide is formed at the 
outlet portion of the second optical waveguide 1 3 on the 
transmission side and a fiber 60 is arranged in the 
groove. 

[0112] The present embodiment thus includes two 
groove portions having folded mirrors 20 and 21 . a first 
groove portion on the side of the light-emitting element 
40 being the same as that of the fourth embodiment 
shown in Figs. 6A and 6B and a second groove portion 
on the side of the light-receiving element 30 being the 
same as that of the second embodiment shown in Figs. 
2A and 2B. 

[0113] The folded mirror 21 provided on the side of 
the light-emitting element 40 reflects a rear output light 
from the light-emitting element 40 to make the same be 
incident on the light-receiving surface 33 of the monitor- 
ing light-receiving element 32 disposed on the side of 
the surface of an optical waveguide substrate 10e. 
[0114] The folded mirror 21 provided on the side of 
the light-emitting element40 can be manufactured in the 
same manner as that of the folded mirror 20 on the side 
of the light-receiving element 30 and can be formed by 
cutting the substrate slantwise as illustrated in Figs. 9A 
and 98 and then metallizing the surface with a metal film 
such as Au. 

[0115] At the outlet portion of the optical waveguide 
11 on the side of the transmission path, the fiber 60 is 
arranged so as to couple with the second optical 
waveguide 13. Positioning of the fiber 60 in a direction 
vertical to an optical axis can be made by the V-shaped 
groove 16 formed in the optical waveguide substrate 
10e and that in the direction of the optical axis can be 
made by sticking the tip of the fiber 60 on the waveguide 
end surface 15, so that the fiber can be mounted on the 
optical waveguide substrate without adjustment of the 
optical axis. 

[0116] A received signal light (wavelength of X2) inci- 
dent from the fiber 60 penetrates the filter 50. is reflected 
by the folded min-or 20 toward the side of the surface of 
the optical waveguide substrate 1 0e and received by the 
light-receiving surface 31 of the light-receiving element 
30. 



[0117] A transmitted signal light (wavelength of X^) 
emitted from the light-emitting element 40 is guided 
through the first optical waveguide 12. reflected by the 
filter 50, guided through the second optical waveguide 

5 1 3 and the fiber 60 and led to the transmission path. 
[0118] Afterbeing reflected toward the side of the sur- 
face of the optical waveguide substrate 10e by the fold- 
ed mirror 21 , a rear output light from the light-emitting 
element 40 is received by the light-receiving surface 33 

10 of the monitoring light-receiving element 32 and used 
for the control of the light output of the light-emitting el- 
ement 40. 

[01 19] As described in the foregoing, the present em- 
bodiment produces an effect, in addition to the effect at- 

15 tained by the second embodiment, that a light output of 
the light-emitting element 40 can be monitored because 
the monitoring light-receiving element 32 is arranged at 
the back of the light-emitting element 40. Moreover, be- 
cause the fiber 60 is arranged at the V-shaped groove 

20 16 for fiber guide formed at the outlet portion of the sec- 
ond optical waveguide 13 on the transmission path side, 
the fiber 60 can be mounted on the optical waveguide 
substrate without adjustment of an optical axis. 
[0120] in addition, the above-described embodiments 

25 can be realized also in various combinations. 

[0121] Although the present invention has been de- 
scribed with respect to the preferred modes and embod- 
iments in the foregoing, the present invention is not lim- 
ited to those described above and can be variously mod- 

30 ified for implementation within the scope of Its technical 
ideas. 

[01 22] As described in the foregoing, the optical com- 
munication module according to the present invention 
attains the following effects. 
35 [0123] First, the number of parts and assembly steps 
of an optical communication module are reduced to re- 
alize reduction in optical communication module pro- 
duction costs. 

[0124] The optical communication module of the 

40 present invention employs not a structure In which a mir- 
ror is inserted into a groove formed in an optical 
waveguide substrate but a structure in which a folded 
mirror to be coupled with a light-receiving element is 
formed directly on an optical waveguide substrate, 

45 whereby insertion of a mirror is unnecessary to reduce 
the number of parts and assembly steps. In particular, 
since none of laborious work for inserting a mirror is re- 
quired, drastic reduction in assembly costs is possible. 
In addition, as a light-receiving element, inexpensive 

50 surface-incident light-receiving element can be used 
and furthermore, automation of a mounting process of 
mounting a mirror on the surface of an optical 
waveguide substrate is easy to realize drastic cost re- 
duction and mass production . 

55 [0125] Secondly, mounting of a filter which allows a 
signal light to penetrate or reflects the same according 
to Its wavelength on an optical communication module 
is facilitated. 
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[0126] In the optical communication module of the 
present invention, since a shape of a groove at a folded 
mirror portion is triangle and a width of the same be- 
comes liarger as the depth becomes smaller, filter 
mounting work is easy. Laborious work has been con- 5 
ventionally required for inserting a filter into a narrow 
groove. 

[0127] Thirdly, because of a structure in which a filter 
is attached to a waveguide end surface, the filter can be 
mounted so as not to slant relative to the waveguide end io 
surface. 

[0128] Fourthly, since a filter can be made thick be- 
cause a width of a groove is large, a filter using a sub- 
strate of such a hard material as glass can be used, 
whereby workability of a filter attachment process can ^5 
be improved and reduction of assembly costs and mass 
production can be realized through automation of the 
filter attachment process. 

[0129] Fifthly, because of metallization of a slant sur- 
face which reflects a signal light, the communication 20 
module of the present invention attains sufficient reflecr 
tion of a signal light even when a groove portion is cov- 
ered with transparent resins, thereby allowing various 
kinds of packaging methods using transparent resins to 
be selected. 25 
[0130] Although the invention has been illustrated and 
described with respect to exemplary embodiment there- 
of, it should be understood by those skilled in the art that 
the foregoing and various other changes, omissions and 
additions may be made therein and thereto, without de- 30 
parting from the spirit and scope of the present inven- 
tion. Therefore, the present invention should not be un- 
derstood as limited to the specific embodiment set out 
above but to include all possible embodiments which 
can be embodies within a scope encompassed and 35 
equivalents thereof with respect to the feature set out in 
the appended clainns. 

Claims ^0 

1. An optical communication module for communicat- 
ing a light signal, comprising: 

a groove portion (16) whose section is V- 45 
shaped and which is formed on the surface of 
an optical waveguide substrate (10). wherein 
on one of two surfaces of said groove portion 
(16), a mirror (20) is formed to reflect a light in- 
cident from the side of the other surface and 50 
make the light be incident on a light-receiving 
element (30) disposed on the surface of said 
optical waveguide substrate (10). 

2. The optical communication module as set forth in 
claim 1, wherein 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal film. 



3. The optical communication module as set forth in 
claim 1. wherein 

a light-emitting element (40) for emitting a 
transmitted signal light to an optical waveguide (11) 
is disposed in the vicinity of the surface of said 
groove portion (16) at the side from which a light is 
incident onto said mirror (20) such that a rear output 
light of said light-emitting element (40) is reflected 
by said mirror (209 so as to be incident on a moni- 
toring light-receiving element (30) for monitoring the 
output of said light-emitting element (40). 

4. The optical communication module as set forth in 
claim 1, wherein 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal 
film, and 

a light-emitting element (40) for emitting a 
transmitted signal light to an optical waveguide 
(11 ) is disposed in the vicinity of the surface of 
said groove portion (16) at the side from which 
a light is incident onto said mirror (20) such that 
a rear output light of said light-emitting element 
(40) is reflected by said mirror (20) so as to be 
incident on a monitoring light-receiving element 
(30) for monitoring the output of said light-emit- 
ting element (40). 

5. The optical communication module as set forth in 
claim 1, further comprising 

a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided in 
the vicinity of the surface of said groove portion 
(16) at the side from which a light is incident 
onto said mirror (20), wherein 
said mirror (20) reflects a signal light guided by 
said optical waveguide (11) so as to be incident 
onto the light-receiving element (30). 

6. The optical communication module as set forth in 
claim 1, further comprising 

a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided in 
the vicinity of the surface of said groove portion 
(16) at the side from which a light is incident 
onto said mirror (20), wherein 
said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal 
film to reflect a signal light guided by said opti- 
ca I waveguide ( 1 1 ) so as to be incident onto the 
light-receiving element (30). 

7. The optical communication module as set forth in 
claim 1 . further comprising 
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a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided in 
the vicinity of the surface of said groove portion 
(16) at the side fronn which a light is incident 
onto said nnirror (20), wherein 
said mirror (20) reflects a signal light guided by 
said optical waveguide (11 ) so as to be Incident 
onto the light-receiving element (30), 
on the surface of said groove portion (16) at the 
side from which a light is incident onto said mir- 
ror (20), 

a filter (50) which allows a signal light having a 
wavelength of a received signal light incident 
from said optical waveguide (11) to penetrate 
and fails to allow a noise light having a wave- 
length different from the wavelength of said re- 
ceived .signal light to penetrate is disposed 
slantwise with respect to said optical 
waveguide (11). 

The optical communication module as set forth in 
claim 1, further comprising 

a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided In 
the vicinity of the surface of said groove portion 
(16) at the side from which a light is incident 
onto said mirror (20). wherein 
said mirror (20) is formed by coating the one 
surface of said groove portion (1 6) with a metal 
film to reflect a signal light guided by said opti- 
cal waveguide (1 1 ) so as to be incident onto the 
light-receiving element (30), and 
on the surface of said groove portion (16) at the 
side from which a light is incident onto said mir- 
ror (20). 

a filter (50) which allows a signal light having a 
wavelength of a received signal light incident 
from said optical waveguide (11) to penetrate 
and fails to allow a noise light having a wave- 
length different from the wavelength of said re- 
ceived signal light to penetrate is disposed 
slantwise with respect to said optical 
waveguide (11). 

The optical communication module as set forth in 
claim 1 . further comprising, 

in the vicinity of the surface of said groove por- 
tion (1 6) at the side from which a light is Incident 
onto said mirror (20). a tip (14) of a first optical 
waveguide (1 2) for guiding a transmitted signal 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 
light and guiding said transmitted signal light re- 
flected at said groove portion (16), whereby 
the received signal light guided by said second 
optical waveguide (13) is reflected to be inci- 
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dent onto the light-receiving element (309. 

10. The optical communication module as set forth in 
claim 1 , wherein 

5 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal 
film, and which further comprises 
in the vicinity of the surface of said groove por- 

10 tion ( 1 6) at the side from which a light is incident 

onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 

15 light and guiding said transmitted signal light re- 

flected at said groove portion (16), whereby 
the received signal light guided by said second 
optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30). 

11. The optical communication module as set forth in 
claim 1 . further comprising, 

in the vicinity of the surface of said groove por- 
tion (16) at the side from which a light is incident 
onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 
30 light and guiding said transmitted signal light re- 

flected at said groove portion (16), whereby 
the received signal light guided by said second 
optical waveguide (13) is reflected to be Inci- 
dent onto the light-receiving element (30), 
35 wherein 

on the surface of said groove portion (16) at the 
side from which a light is incident onto said mir- 
ror (20), 

a filter (50) which allows a signal light having a 
40 wavelength of said received signal light to pen- 

etrate and reflects a signal light having a wave- 
length of said transmitted signal light is dis- 
posed. 

45 12. The optical communication module as set forth in 
claim 1. wherein 

said mirror (20) Is fomned by coating the one 
surface of said groove portion (16) with a metal 

50 film, and which further comprises 

In the vicinity of the surface of said groove por- 
tion ( 1 6) at the side from which a light is incident 
onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 

55 light and a tip (15) of a second optical 

waveguide (13) for guiding a received signal 
light and guiding said transmitted signal light re- 
flected at said groove portion (16), whereby 
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the received signal light guided by said second 
optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30). 
wherein 

on the surface of said groove portion (16) at the 5 
side from which a light is incident onto said mir- 
ror (20). 

a filter (50) which allows a signal light having a 
wavelength of said received signal light to pen- 
etrate and reflects a signal light having a wave- io 
length of said transmitted signal light is dis- 
posed. 

13. The optical communication module as set forth in 
claim 1 , further comprising: is 

in the vicinity of the surface of said groove por- 
tion ( 1 6) at the side from which a light is incident 
onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 20 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 
light and guiding said transmitted signal light re- 
flected at said groove portion (16), whereby 
the received signal light guided by said second 25 
optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30), and 
on the surface of said groove portion (1 6) at the 
side from which a light is incident onto said mir- 
ror (20). 30 
a half mirror (22) which reflects an incident sig- 
nal light and at the same time allows the light 
to penetrate, wherein 

said light-receiving element (30) is disposed at 
a position where a received signal light incident 35 
from said first optical waveguide (12), penetrat- 
ing said half mirror (22) and reflected by said 
mirror can be received and where a transmitted 
signal light incident from said second optical 
waveguide (13), penetrating said half mirror 40 
(22) and reflected by said mirror (20) can be 
avoided. 

14. The optical communication module as set forth in 
claim 1 , wherein ^5 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal film, 
and which further comprises: 

in the vicinity of the surface of said groove por- so 
tion ( 1 6) at the side from which a light is incident 
onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal ss 
light and guiding said transmitted signal light re- 
flected at said groove portion (16). whereby 
the received signal light guided by said second 



optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30). and 
on the surface of said groove portion (16) at the 
side from which a light is incident onto said mir- 
ror (20). 

a half mirror (22) which reflects an incident sig- 
nal light and at the same time allows the light 
to penetrate, wherein 

said light-receiving element (30) is disposed at 
a position where a received signal light incident 
from said first optical waveguide (12), penetrat- 
ing said half mirror (22) and reflected by said 
mirror (20) can be received and where a trans- 
mitted signal light incident from said second op- 
tical waveguide (13), penetrating said half mir- 
ror (22) and reflected by said mirror (20) can be 
avoided. 

15. The optical communication module as set forth in 
claim 1. further comprising: 

in the vicinity of the surface of said groove por- 
tion ( 1 6) at the side from which a light is incident 
onto said mirror (20), a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 
light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 
light and guiding said transmitted signal light re- 
flected at said groove portion (16), whereby 
the received signal light guided by said second 
optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30). and 
two portions of said groove portion (16) on said 
optical waveguide substrate (10), a first groove 
portion and a second groove portion, wherein 
said first groove portion reflects a rear output 
light of a light-emitting element (40) for emitting 
said transmitted signal light by the internally 
provided mirror to make the light be incident on- 
to a monitoring light-receiving element (30) for 
monitoring an output of said light-emitting ele- 
ment (40). and 

said second groove portion reflects said re- 
ceived signal light by the internally provided 
mirror to make the light be incident onto said 
light-receiving element (30) for receiving said 
received signal light. 

16. The optical communication module as set forth in 
claim 1, wherein 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal 
film, and which further comprises 
in the vicinity of the surface of said groove por- 
tion (16) at the side from which a light is incident 
onto said mirror (20). a tip (14) of a first optical 
waveguide (12) for guiding a transmitted signal 
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light and a tip (15) of a second optical 
waveguide (13) for guiding a received signal 
light and guiding said transmitted signal light re- 
flected at said groove portion (16). whereby 
the received signal light guided by said second 
optical waveguide (13) is reflected to be inci- 
dent onto the light-receiving element (30), and 
two portions of said groove portion (16) on said 
optical waveguide substrate (1 0), a first groove 
portion and a second groove portion, wherein 
said first groove portion reflects a rear output 
light of a light-emitting element (40) for emitting 
said transmitted signal light by the internally 
provided mirror to make the light be incident on- 
to a monitoring light-receiving element (30) for 
monitoring an output of said light-emitting ele- 
ment (40), and 

said second groove portion reflects said re- 
ceived signal light by the internally provided 
mirror to make the light be Incident onto said 
light-receiving element (30) for receiving said 
received signal light. 

17. The optical communication module as set forth in 
claim 1 , further comprising 

a V-shaped groove In which an optical fiber 
(60) is to be disposed. 

18. An optical communication device having an optical 
communication module for communicating a light 
signal, 

said optical communication module Including 
a groove portion (16) whose section Is V- 
shaped and which is formed on the surface of 
an optical waveguide substrate (10), wherein 
on one of two surfaces of said groove portion 
(16), a mirror (20) is formed to reflect a light in- 
cident from the side of the other surface and 
make the light be incident on a light-receiving 
element (30) disposed on the surface of said 
optical waveguide substrate (10). 

19. The optical communication device as set forth In 
claim 18, wherein 

said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal film. 

20. The optical communication device as set forth In 
claim 18. further comprising: 

a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided in 
the vicinity of the surface of said groove portion 
(16) at the side from which a light is Incident 
onto said mirror (20), wherein 
said mirror (20) reflects a signal light guided by 
said optical waveguide (11 ) so as to be incident 
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onto the light-receiving element (30). 

21. The optical communication device as set forth in 
claim 18. further comprising: 

a tip (14) of an optical waveguide (11) on the 
optical waveguide substrate (10) provided in 
the vicinity of the surface of said groove portion 
(16) at the side from which a light Is incident 
onto said mirror (20), wherein 
said mirror (20) is formed by coating the one 
surface of said groove portion (16) with a metal 
film to reflect a signal light guided by said opti- 
cal waveguide (11 ) so as to be incident onto the 
light-receiving element (30). 

22. A method of manufacturing an optical communica- 
tion module for communicating a light signal, com- 
prising the steps of: 



20 



forming an optical waveguide for guiding a light 
signal on an optical waveguide substrate, 
forming a groove portion whose section is V 
shaped on the surface of the optical waveguide 
25 substrate, and 

forming a mirror on one of two surfaces that 
said groove portion has. 

23. The optical communication module manufacturing 
30 method as set forth in claim 22, wherein 

at said mirror forming step, 

the one surface of sa id groove portion is formed 

by coating the surface with a nnetal film. 

35 

24. The optical communication module manufacturing 
method as set forth In claim 22, wherein 

at said groove portion forming step, 
40 first, one of the two surfaces of said groove por- 

tion Is formed on the surface of said optical 
waveguide substrate using a blade for cutting 
and the remaining surface is subsequently 
formed to make said groove portion. 

45 

25. The optical communication module manufacturing 
method as set forth In claim 22, wherein 

at said mirror forming step, 

50 the one surface of said groove portion is formed 

by coating the surface with a metal film, and 
at said groove portion forming step, 
first, one of the two surfaces of said groove por- 
tion is formed on the surface of said optical 

55 waveguide substrate using a blade for cutting 

and the remaining surface is subsequently 
formed to make said groove portion. 
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26. The optical communication module manufacturing 
method as set forth in claim 22. wherein 



27- The optical communication module manufacturing 
method as set forth in claim 22. wherein 20 



28. The optical communication module manufacturing 40 
method as set forth in claim 22, wherein 



29- The optical communication module manufacturing 50 
method as set forth in claim 22, wherein 

at said mirror forming step, 
the one surface of said groove portion is formed 
by coating the surface with a metal film, and ss 
at said groove portion fonming step, 
the two surfaces of said groove portion are si- 
multaneously formed by cutting the surfaces 



out of said optical waveguide substrate using a 
blade for cutting which is formed to match the 
configuration of said groove portion. 

30. The optical communication module manufacturing 
method as set forth in claim 22, wherein 

at said groove portion forming step, 
first, one of the two surfaces of said groove por- 
tion is formed on the surface of said optical 
waveguide substrate using a blade for cutting 
and the remaining surface is subsequently 
formed to make said groove portion, and 
further at said groove portion forming step, 
by using said blade with respect to said optical 
waveguide substrate being yet to be cut out 
from a wafer, said groove portions are formed 
In the lump in a plurality of said optical 
waveguide substrates aligned on said wafer. 

31. The optical communication module manufacturing 
method as set forth In claim 22, wherein 

at said mirror forming step, 
the one surface of said groove portion is formed 
by coating the surface with a metal film, 
at said groove portion forming step, 
first, one of the two surfaces of said groove por- 
tion is formed on the surface of said optical 
waveguide substrate using a blade for cutting 
and the remaining surface Is subsequently 
formed to make said groove portion, and 
further at said groove portion forming step, 
by using said blade with respect to said optical 
waveguide substrate yet to be cut out from a 
wafer, said groove portions are formed in the 
lump in a plurality of said optical waveguide 
substrates aligned on said wafer. 

32. The optical communication module manufacturing 
method as set forth in claim 22, further comprising 

the step of forming two said groove portions 
in one said optical waveguide substrate, a first 
groove portion for monitoring an output of a trans- 
mitted signal light and a second groove portion for 
receiving a received signal light. 

33. The optical communication module manufacturing 
method as set forth in claim 22, wherein 

at said mirror forming step, 
the one surface of said groove portion Is formed 
by coating the surface with a metal film, and 
which further comprises: 

the step of forming two said groove por- 
tions in one said optical waveguide sub- 
strate, a first groove portion for monitoring 



at said groove portion forming step, 
first, one of the two surfaces of said groove por- 5 
tton is formed on the surface of said optical 
waveguide substrate using a blade for cutting 
and the reniaining surface Is subsequently 
formed to make said groove portion, and 
further at said groove portion forming step, 10 
a first surface is formed by vertically inserting 
said blade into the surface of said optical 
waveguide substrate and a slant surface form- 
ing said mirror, which is the remaining surface, 
is subsequently formed by inserting said blade is 
slantwise into the surface of said optical 
waveguide substrate. 



at said mirror forming step, 
the one surface of said groove portion Is formed 
by coating the surface with a metal film, 
at said groove portion forming step, 25 
first, one of the two surfaces of said groove porr 
tion is formed on the surface of said optical 
waveguide substrate using a blade for cutting 
and the remaining surface Is subsequently 
formed to make said groove portion, and 30 
further at said groove portion forming step, 
a first surface Is formed by vertically inserting 
said blade into the surface of said optical 
waveguide substrate and a slant surface for 
forming said mirror, which is the remaining sur- 35 
face, is subsequently formed by Inserting said 
blade slantwise into the surface of said optical 
waveguide substrate. 



at said groove portion fomrilng step, 
the two surfaces of said groove portion are si- 
multaneously formed by cutting the surfaces 45 
out of said optical waveguide substrate using a 
blade for cutting which Is formed to match the 
configuration of said groove portion. 
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an output of a transmitted signal light and 
a second groove portion for receiving a re- 
ceived signal light. 
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FIG. IB 
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FIG. 2B 
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FIG. 3D 
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